Objective: To determine the total average costs related to laboratory examinations performed in a hospital laboratory in Chile. Method: Retrospective study with data from July 2014 to June 2015. 92 examinations classifi ed in ten groups were selected according to the analysis methodology. The costs were estimated as the sum of direct and indirect laboratory costs and indirect institutional factors. Results: The average values obtained for the costs according to examination group (in USD) were: 1.79 (clinical chemistry), 10.21 (immunoassay techniques), 13.27 (coagulation), 26.06 (high-performance liquid chromatography), 21.2 (immunological), 3.85 (gases and electrolytes), 156.48 (cytogenetic), 1.38 (urine), 4.02 (automated hematological), 4.93 (manual hematological). Conclusion: The value, or service fee, returned to public institutions who perform laboratory services does not adequately refl ect the true total average production costs of examinations. Descriptors: Average Costs; Diagnoses and Laboratory Examinations; Direct and Indirect Costs; Service Fee; Production of Examinations.
INTRODUCTION
In the management of health services, like those of a clinical laboratory, criteria are applied in the operational and scientific planning, and others are applied that are inherent to the social sciences, like those used in human resources management or economic-administrative management (1) . In a clinical laboratory LC, it is fundamental to have reliable and up-to-date information on the magnitude of the total cost (CT) of the examinations processed as a basis to improve efficiency. Knowing the costs is a valuable contribution to the management of the hospitals for two reasons. First, because in a scenario of increasing demand for examinations, costs are permanently rising; it is estimated that expenditure on laboratory examinations for a hospitalized patient is 6% of the total cost and for a surgical patient 9% of the total cost of hospitalization (2) . Second, given the possible existence of "economies of scale", i.e., that the cost per examination produced, the total average cost (CMT) decreases as more examinations are performed (3) . This is possible to apply using the instrumentation and human resources available, but it has a limit given the existence of fixed factors transformed into limiting factors for the expansion of laboratory production. Therefore, cost estimation is a fundamental tool for the management oversight of a hospital clinical laboratory, as it enables approximation of the economic production cost (i.e., knowing all the costs including the opportunity costs), which allows among other things estimation of the price that should be charged for the service, knowing the profitability as a percentage of the price, and planning the destination of surpluses, when the income for examination services are greater than the total costs of these services. Although the factors that influence the cost of an examination are easily identifiable, there is not much information or many ad hoc costing models on the issue. As background, the literature shows that for clinical examinations more than half of the cost of the examination is direct labor (4) , which is why it is important to increase productivity to reduce the unit production costs (5) . Most studies describe clinical laboratory cost systems as being based on their assignability, i.e., direct and indirect costs (6) (7) (8) (9) (10) .
In the Chilean public health system, examinations are coded by the National Health Insurance System (FONASA). This entity is in charge of giving a unique code to practically all laboratory examinations as well as assigning them a monetary value. This coding and valuation system is called the "FONASA institutional attention modality" (F-IAM) fee and it is the value that each public institution receives when they render these services. If this fee is not in line with the true CMT of producing examinations, then the economic return to the institutions in laboratory examinations could be creating gaps for public health institutions. These gaps between income and costs may be due to production (in) efficiencies associated with institutional, management, financing, socioeconomic and demographic factors (11) . An efficiency analysis, however, is beyond the scope of this study.
In Chile there are two recent studies on the costs of health services. The first study included twelve service providers, nine public and three private, and 738 laboratory and 218 imaging services (12) . The second included 16 public hospitals selected by convenience and 120 services with the F-IAM fee (13) .
The results of this study indicate that the prices of the services are undervalued as they do not cover 43.7% of the invoicing, although the gaps differ by health center.
At the moment the valuation of examination costs used in the clinical laboratory of the Hospital Dr. Luis Calvo Mackenna (HCM) does not identify in any integrated way all the costs that affect their performance. Nevertheless, our central hypothesis is that the F-IAM fee differs from the HCM's valuation because the costing methodology applied by FONASA only includes some of the production costs currently valued by the HCM. Thus, this work has two objectives: The first is to determine the total average costs related to laboratory examinations processed in the clinical laboratory unit of the HCM. This involves allocating all the relevant costs (7) that influence the performance of each examination, which will make it possible to verify the status of the costs of the HCM compared to the F-IAM fee. The second objective is to compare the F-IAM fee with the total average costs for a selected group of examinations in order to identify the gap between the economic return and the average production cost.
METHOD

Ethical aspects
The use of the information in this study was authorized by the Director of the HCM. The results will be "a contribution to optimizing the management" of the institution.
Design, study site and period
This is a retrospective study with complete information from one calendar year. Quantitative information was used; the data were extracted from primary sources of the CL of the HCM. The information used corresponds to data from July 2014 to June 2015.
Population or sample; inclusion and exclusion criteria 170 types of examinations were processed during the study period. 92 representative examinations were selected from all the methodology types of analyses available in the CL. The 92 examinations were classified in 10 groups (G1, ..., G10) according to the analytical technique used. The number of examinations included in each group and the technique used were: G1 = 35 (clinical chemistry), G2 = 16 (immunoassay-based techniques), G3 = 9 (coagulation), G4 = 3 (performed by high performance liquid chromatography, HPLC), G5 = 8 (immunological), G6 = 2 (gases and electrolytes), G7 = 4 (cytogenetic), G8 = 1 (urine by microscopy), G9 = 1 (automated hematological), G10 = 13 (hematological by manual techniques).
Theoretical-methodological and conceptual framework
This article is derived from the Master in Health Management Systems thesis entitled, "Estimation of costs of clinical laboratory services in the Hospital Dr. Luis Calvo Mackenna". For each type of examination, the total average cost (CMT i, j ) was calculated as the sum of the direct average laboratory costs (CMDL i, j ), indirect average laboratory costs (CMIL i, j ) and average indirect institutional costs (CMII i, j ). This is:
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In Equation (1) subindex i indicates the type of examination ( i = 1, ..., 92 ) and subindex j indicates the group to which the type of examination i belongs ( j = 1, ..., 10 ). Additionally, the total average cost ( j ) and the standard deviation ( ) of each group of examinations were calculated. CMDL i, j refer to costs related directly to processing the examinations; CMIL i, j are all the costs not directly related to the production of an examination. To collect the data regarding the direct and indirect costs, an Excel spreadsheet was used that included a page dedicated to identifying and quantifying each cost type. The direct costs included reagents ( RC i,j ), internal controls ( CI i, j ), external controls ( CE i, j ) and direct labor ( MOD i, j ). The indirect laboratory costs included indirect labor ( MOI i, j ), main equipment ( EP i, j ), infrastructure ( IN i, j ), furniture ( MB i, j ), general supplies ( IG i, j ), office supplies ( AF i, j ), and maintenance and repairs ( MR i, j ). Indirect institutional costs included basic services ( SB i, j ) and general services ( SG i, j ). For the analysis of reagent costs, all the supplies with the respective yields were identified and quantified. The information about the purchase price was obtained from the monthly purchase lists made in the laboratory. In order to estimate the labor cost, laboratory personnel salary information was requested from human resources; this information was differentiated in relation to the unit to which each of them belongs and was associated with the respective group of examinations.
Average direct laboratory costs
Reagents: For each RC i, j the average consumption per purchase unit and the cost of each of these units were calculated. The average cost was calculated as the ratio between the individual value of RC i, j and the number of examinations reported with this reagent.
Internal controls: These are controls used periodically to verify the analytical behavior of the technique, the objective of which is to control the results that the CL provides. To do this, control samples (commercial preparations) of known value were used. The CI i, j used for each type of examination were identified ,and it was estimated how many examinations were possible to report for each purchase unit. The average cost was calculated as the ratio between the individual value of each CI i, j kit and the number of examinations reported with this kit. For the case of more than one CI i, j , this was determined in the same way and then the contributions from each were added.
External controls: These are controls used to verify the analytical behavior of each technique and to compare them to those obtained by different laboratories for the same examinations. The CE i, j used for each of the examinations were identified and it was estimated how many examinations could be reported for each purchase unit. The average cost was calculated as the ratio between the individual value of each CE i, j kit or program and the number of examinations reported with this kit. For the case of more than one CE i, j this was determined in the same way and then the contributions of each were added.
Direct labor:
The annual cost in remunerations included all the personnel in the CL who participate directly in the performance of an examination: the unit head, professionals and laboratory technicians. The average cost of MOD i, j was estimated as the ratio between the annual cost in remunerations of the direct personnel and the number of examinations reported by the CL in the same period.
Average indirect laboratory costs
This study included the alternative cost of the capital as a proxy variable of the depreciation for the assets EP i, j , ES i, j , IN i, j and MB i, j . In each case the annual replacement cost (CRA) was calculated as its commercial value (VC) multiplied by the simple formula of payment amortization:
where n is the remaining useful life estimated for each asset and r = 6% is the social discount rate reported by the Chilean Ministry of Social Development (MIDESO) in 2016.
Indirect labor:
The annual cost in remunerations of all the personnel in the CL who participate indirectly in the performance of examinations and who provide cross-sectional support to all the specialized units in the CL. This is the general laboratory head, receiving laboratory technicians and laboratory assistants. The average cost of the MOI i, j was estimated as the ratio between the annual cost in remunerations of indirect personnel and the number of examinations reported by the CL in the same period.
Main equipment: This is used to process the laboratory examinations included in the work. The average cost assigned to each examination processed was obtained as the ratio between the CRA ( =10 ) of the EP i, j and the annual production of examinations performed on the equipment.
Laboratory support equipment: This is the basic equipment in the CL which serves as support for all the examinations processed in this unit. This includes such equipment as centrifuges, hoods, thermoregulated baths, analytical balances and ovens, among other things. The average cost assigned to each examination was obtained as the ratio between the sum of the CRA ( =10 ) of all the ES i, j and the annual production of examinations performed in the CL.
Infrastructure: The surface occupied by the CL with respect to the total surface of the HCM was estimated (in %). This percentage was multiplied by the commercial value of the infrastructure of the HCM to obtain the commercial value of the infrastructure allocated to the CL. The CRA associated with infrastructure use was obtained as the commercial value allocated to the CL multiplied by the social discount rate. Thus, the average cost assigned to each examination was obtained as the ratio between the TAC ( → ∞) of the IN i, j and the annual production of examinations performed in the CL.
Furniture: This included office furniture, computers, printers, telephones, various dispensers and chairs, among other things. The average cost assigned to each examination was obtained as
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General supplies: This included all the general supplies used in the CL during the period, which are used cross-sectionally to process all the examinations performed in the CL, such as gloves, Eppendorf tubes, tips for micropipettes, droppers, etc. The average cost assigned to each examination was obtained as the ratio between the sum of the costs of all the IG i, j and the annual production of examinations performed in the CL.
Office supplies: This included all the office supplies used in the CL during the period, which are used interchangeably in the production of all the laboratory examinations. The average cost assigned to each examination was obtained as the ratio between the sum of the costs of all the AF i, j and the annual production of examinations performed in the CL unit.
Maintenance and repairs:
This included the costs of maintenance and repairs of buildings, furniture, machinery and office equipment, CL equipment and other maintenance and repairs of each unit in the CL. The average cost assigned to each examination was obtained as the ratio between the sum of the costs in MR i, j and the annual production of examinations performed in the CL unit.
Average indirect institutional costs
Basic services: This included the cost of electricity, water, gas, telephones, Internet and telecommunications links. The average cost assigned to each examination was obtained as the ratio between the sum of the costs in SB i, j and the annual production of examinations performed in the CL unit.
General services: This included the cost of janitorial services, security, landscaping, trash and hazardous waste collection, transportation, shipping, storage and other general services. The average cost assigned to each examination was obtained as the ratio between the sum of the costs in SG i, j and the annual production of examinations performed in the CL unit.
Results analysis
The F-IAM fee was compared with the CMT for a selected group of examinations. The profitability (14) of each examination was calculated as the difference between the F-IAM fee and the CMTexpressed as a percentage of the F-IAM fee. Finally, and given the total number of examinations performed for each type of examination selected, the total production cost (TPC) of examinations was compared with the total income (TI) derived from the total contribution by the F-IAM fee.
RESULTS
In the area of clinical chemistry ( G 1 ), the most expensive examination was ammonium at 4.64 USD and the least expensive were cholesterol and triglycerides at 1.05 USD ( Table  1 ). The average cost ( 1 ) and the standard deviation ( 1 ) of this group of examinations was estimated to be 1.79 and 1.12 USD, respectively. The costs of examinations in the immunoassay ( G 2 ) and coagulation ( G 3 ) groups are shown in Table 2 . In G 2 the most and least expensive examinations were cyclosporine plasma level at 18.41 USD and free T4 at 3.69 USD. In this group 2 = 10.21 and 2 = 4.49. In G 3 the most and least expensive examinations were lupus anticoagulant at 19.81 USD and TTPA at 2.82 USD. In this group 3 = 13.27 and 3 = 7.62.
The examinations done using HPLC ( G 4 ), immunology ( G 5 ) and gases and electrolytes ( G 6 ) are in Table 3 . In G 4 the most and least expensive examinations were voriconazole plasma level at 26.78 USD and mycophenolic acid plasma level at 24.53 USD. In this group 4 = 26.06 and 4 = 1.33. In G 5 the most and least expensive examinations were antineutrophil cytoplasmic antibody (cANCA) at 29.91 USD and antiendomysial antibody at 15.29 USD. In this group 5 = 21.2 and 5 = 5.55. In G 6 the costs of the examinations were 5.35 USD for urinary electrolytes and 2.30 USD for arterial blood gases+plasma electrolytes. In this group 6 = 3.85 and 6 = 2.18.
In the cytogenetic group ( G 7 ) the most expensive examination was FISH at 207.41 USD and the least expensive was the karyogram blood test with lymphocyte culture at 128.09 USD. In this group 7 = 156.48 and 7 = 36.05. In the urine by microscopy group ( G 8 ) the cost of the full urine examination was 1.38 USD. In the automated hematology group ( G 9 ) the cost of the blood picture examination + reticulocyte count was 4.02 USD. Finally, in the hematology by manual techniques group ( G 10 ) the most expensive examination was hemoglobin electrophoresis at 19.13 USD and the least expensive was reticulocyte count at 1.75 USD. In this group 10 = 4.93 and 10 = 4.95 (Table 4) . Table 5 presents the results of the comparison of the F-IAM fee and the TAC for a selected group of 32 examinations. The highest profitability was observed in CK MB with 74.5% and lowest was -170.1% for karyogram in fibroblast with tissue culture. The total cost for the group of 32 selected examinations was estimated to be 607,936 USD, whereas the total income for examination services was estimated to be 608,050 USD.
Group and exam description
Average direct laboratory costs (ADLC)
Sub-total ADLC 
DISCUSSION
In this work all the factors suggested by the literature for a suitable estimation of costs were considered. These were to identify the consumption of resources associated with the services, to quantify the physical consumption of resources and to assess the consumption of resources (5) . The quantification of the performance and resources used was done retrospectively and one calendar year was the analysis time; therefore, the unit costs obtained for each service include all the costs involved in the production of a unit.
The 10 groups of examinations analyzed, which included a total 92 examinations performed in the CL of the HCM, are more than 50% of the total portfolio of the CL. The examinations included correspond to several specialties and analysis methodologies (manual, semi-automated and automated).
The clinical chemistry group presents the examinations with the lowest CMT. In this group the concept of scale economy "the greater the production the lower the cost" (3) is fulfilled, as is the "80-20" rule (3) , which classifies the examinations of highest production in terms of volume (80%) as carrying the lowest cost (20%). This is because this group of examinations are produced in the greatest volume and the labor factor is less relevant. It should be noted that labor is a difficult factor to manage in public centers, because the seniority of the human resources involves higher costs, which is not always associated with greater productivity. In addition, the tenure of the personnel must be considered, which prevents human resources from being transferred to areas of greater production depending on each worker's degree of specialization.
In the cytogenetic examinations more than 50% of the examination cost is direct labor, which is consistent with what has been reported in the literature (4) ; in addition, it seems important to increase productivity to obtain lower unit production costs (5) . However, this is not always possible since such examinations are specialized and require highly qualified labor. They are also very specific examinations and in low demand.
It was noted that the total average costs of the examinations and their respective F-IAM value differed in all cases for the group of 32 examinations selected. The same occurred with the sample of 92 examinations included in this study, where in 44 cases (47%) the CMT was higher than the F-IAM fee, whereas in 48 cases (53%) the opposite was true. This means the F-IAM fee is not aligned with the CMT of each examination performed in the HCM. Therefore, even though the total cost is similar to the total income for examination services, it seems essential to update the F-IAM fee for laboratory costs and services. These results are consistent with those reported by the literature in terms of aligning the variables F-IAM fee and cost in order to facilitate the financial evaluation processes and the application of financial policies and prices in health centers (13) . With respect to the costs reported by the literature (12) it is difficult to make comparisons if the costs are not previously adjusted by variables like complexity and number of services in each laboratory (13) .
At the aggregate level, this means that the F-IAM fee must reflect the true production cost of each examination, and to do this it is essential that the LC constantly update the CMT. It is also very important for FONASA to keep the F-IAM updated in terms of the production costs of hospital clinical laboratories in Chile. Thus, the main implication of this work is that the value returned to the public institutions who render laboratory services does not reflect the true total average production costs of examinations.
Limitations of the study
The first limitation of the study is considered to be not having a measure of dispersion with respect to the cost of each type of examination within each group. This is because the procedure used was to estimate the total cost of producing each type of examination and then to divide it by the number of examinations of each type. Therefore, our cost estimations represent the average cost of producing a type of examination, with the possibility of a certain level of dispersion. We cannot know this dispersion because we did not record the cost of producing each examination of the same type in order to calculate the average (and the dispersion) of all the examinations of each type.
The second limitation of the study is the difficulty in valuing the assets, such as main equipment, laboratory support equipment, infrastructure and furniture. This is because in Chile procedures have been implemented to improve, among others aspects, the accounting and presentation of fixed assets in the financial statements of State organizations in general, and of public hospitals in particular. This means that hospitals must have a methodology to review their procedures on movable and immovable property, facilitating convergence towards the International Public Sector Accounting Standards (IPSAS) that came into force in 2016.
Contributions of the study
It is estimated that the main contribution of the study refers to the scope of public health policy. This means that the financing of health systems and services must be based on the correct estimation of the production costs of these systems and services, so as to converge towards an optimal (or better) allocation of the limited resources available in the health sector.
CONCLUSION
The main conclusion of this work is that the value, or service fee, returned to public institutions who perform laboratory services does not adequately reflect the true total average production costs of examinations.
